This paper deals with the distribution of REE in rock, soil and plant in an area of monzonitic rocks from southernmost Brazil. The REE patterns in Schinus lensticifolius show a negative-Ce anomaly and a prominent tetrad effect, characterized as W-type that are not present in rock and soil samples. The REE patterns in the soils and rocks sampled are very similar and there is no fractionation of REE during the processes of soil formation. The W-type patterns are interpreted as indicating that REE were absorved by S. lentiscifolius as simple ions rather than as complex ions, or, alternatively, that the transport of REE in the plant metabolic processes was as free ions. The recognition of tetrads, either, M-or W-type patterns, is an additional tool for understanding the biogeochemistry of REE and can contribute to the study of monitoring processes of contaminated environment or to mineral prospecting.
INTRODUCTION
The rare earth elements -REE -are concentrated mainly in accessory minerals of igneous or metamorphic rocks, and show low mobility in these high-temperature systems (Henderson 1984) . Hydrothermal and weathering fluids, however, can mobilize the REE mainly by forming soluble complex ions (Nesbitt 1979 , Topp et al. 1984 , Lottermoser 1990 . The concentration of REE in soils depends on the composition of source rocks, the weathering conditions, the organic matter content, among other factors, but in general the light REE (LREE) predominate over the heavy ones in the shallower layers, HREE (Tyler 2004) . Plants under natural conditions absorb minimal amounts of REE (1 to 45 ppm -wt% in ash) (Kabata-Pendias and Pendias 1984) , although some species are capable of accumulating high levels of REE contents, in spite off their low solubility of REE in soil solutions (Milton et al.1944 , Evans 1990 , Osaki and Enomoto 2001 , Tyler 2004 . The REE are more soluble as chlorides, nitrates and perchlorates than in the form of carbonates, hydroxides and fluorides (Evans 1990 ). According to McLennan (1994) McLennan (1994) considered that the tetrad effect is most apparent in natural waters or rocks that have interacted with fluids. Accordingly, sea water and material precipitated directly from sea water would possess "W-type" effects with four concave up segments to the REE pattern. Other materials displaying the tetrad effect due to interaction with water would possess "M-type" effects with four convex up segments in the REE pattern. Following Sastri et al. (2003) , it is concluded that the tetrad effect reflects discontinuities in the third ionization potential of REE. Such discontinuities are also shown in the energy involved in the formation of complexes, so that, Nd-Pm, Gd, Ho-Er, and Lu demand more energy for forming complexes than their neighbors. That is the reason why they are depleted in relation to their neighbors (i.e. M-type pattern) in solutions where they are kept as complexes.
Fractionation of REE, including tetrad effects, has been reported by several authors (Fu et al.1998 , Wyttenbach et al. 1998 , Ding et al.2006 , Ding et al. 2007 , Lima e Cunha et al. 2010 ). However, mechanisms and controls of REE distribution and translocations in these systems, and in the vegetal structures are still poorly known. Further studies are needed, since the slight modifications in the REE capable of generating tetrad effects can affect their accumulation in plants, water and soils.
In this paper we discuss the distribution of REE in rock, soil and plant in an area of monzonitic rocks with copper-Au-sulphide mineralizations in order to contribute to the comprehension of REE geochemistry in the soil-plant system.
MATERIALS AND METHODS
The study area is situated nearby the city of Lavras do Sul, southernmost Brazil. The vegetation of the area consists of scrub forest in association with grass fields and thin lithosoils. The plant species selected for sampling, Schinus lentiscifolius (mastic), is a shrub about 2 or 3m high with wide area distribution, easy recognition and high density, which simplifies the collection. The region of Lavras do Sul is dominated by volcanic and plutonic rocks which belong to the Lavras do Sul Shoshonitic Association (Nardi and Lima 1985) , and the predominant lithologies in the study area are monzonites, quartz monzonites, rhyolites and latite dikes, (Liz et al. 2009 ).
Plant (10) and soil (5) samples were collected in places where some of these rocks have Cu-Ausulphide mineralization (Fig. 1) . In pre-processing, the selected organ (leaf) were washed with distilled water, dried at 80°C and calcined (450°-500°C) for a period of 6 to 8 hours (Brooks 1983) , and the determination of the REE ( in ash) was carried out by ICP-MS. The detection limits (in ppm) are 0.002 for La, Pr, Nd; 0.01 for Ce; 0.001 for Sm, Eu, 0.01 for Gd, and 0.001 for Tb, Dy, Ho, Er, Tm, Yb and Lu. The soil samples were dried, quartered and sieved and the fraction less than 200 mesh was separated by decanting. The resulting material (0.5 g) was subjected to fusion with a mixture of lithium metaborate -lithium tetraborate and analyzed by ICP -MS. The limits of detection for REE are the following: 0.05 for La, Ce and Nd; 0.01 for Pr, Sm, Gd, Tb, Dy, Ho, Er and Yb, 0.005 for Tm and Eu, 0.02 for Lu.
The analytical procedures for all samples were performed by Act Labs, Canada. The REE patterns in figures 2a, 2b and 2c, were calculated based on C1 chondritic values after Evensen et al. (1978) .
RESULTS
The REE chondrite-normalized patterns are broadly similar in rock (Fig. 2c) , soil ( Fig. 2b ) and plant samples (Fig. 2a) , although the contents in plant samples are about ten times lower than in soils and rocks. The contents of REE and some of their representative parameters in soils, rocks and plants are in Tables I and II, The other important feature that is recognized only in plant patterns is the prominent tetrad effect characterized as W-type due to the concave-up pattern segments (Fig. 2a) . The intensity of the tetrad effect was measured in the graphics, as suggested by Irber (1999) : values of T1 (La-Ce-Pr-Nd), T3 (GdTr-Dy-Ho) and T4 (Er-Tm-Yb-Lu) significantly larger than 1 indicates that the M-type pattern occurs, while values significantly lower than 1 indicate the W-type effect. T2 value is difficult to be calculated because of Eu variable behavior. T1, T3, and T4 values for plant samples in the studied area are respectively 0.87, 0.82, 0.80; and the T1,3 value, which represents the average of T1 and T3 is 0.84.
REE patterns in the soils and rocks sampled are very similar (Fig. 2b and 2c) , and, there is no fractionation of REE during the processes of soil formation. These patterns are typical of rocks of shoshonitic affinity as described previously by Lima and Nardi (1998) study area: they have (i) distinct Ce-negative anomalies, the (ii) HREE to LREE fractionation is higher, and (iii) plant patterns show W-type tetrad effects.
REE BIOGEOCHEMISTRY AND TETRAD EFFECT IN THE SOIL-PLANT SYSTEM
According to Evans (1990) the REE are insoluble in the form of carbonates, hydroxides, phosphates and fluorides. Shan et al. (2002) observed that the sorption of REE increase when the concentration of organic acids around the plant roots is higher. Wyttenbach et al. (1998) found Ce/ Ce* ratio (Ce* = average of La and Pr contents) values ranging from 0.28 for ivy to 0.67 for fern, and concluded that Ce anomalies of the plant species are always lower than 1. They considered that small changes of the redox potential of the rhizosphere might have contributed to the increase of this variability. The negative anomalies probably reflect the oxidation of trivalent to tetravalent Ce, which causes the decrease of its mobility in the rhizosphere (Fu et al. 1998) , and its consequent decrease of solubility in relation to other REE.
The preferential concentration of LREE by plants has been observed by several authors. Miao et al. (2007) observed that the fractionation of HREE in relation to LREE occurs during transport in the soilplant system. According to these authors, organic acids of low-molecular weight are dominant in solubilizing LREE, so they increase their availability and consequent absorption by plants. Zhang et al. (2002) proposed that fractionation does not occur during the absorption of REE in the rhizosphere, but during transport and deposition of REE in the vegetal tissues. Wang et al. (1997) and Ding et al. (2006) suggest that REE fractionation occurs either, in the rhizosphere or in the plant tissues, by reacting with organic ligands. A comparison of REE contents in plant and soil samples (Fig. 3) shows that LREE and MREE are more enriched than HREE in plants. Cerium is less mobilized to the plant than other LREE. Lutecium and Gd can show slight positive anomalies that can be ascribed to the tetrad effect of W-type. Europium shows a variable behavior with positive or negative anomalies that can be explained by the oxidation (Eu+++ versus Eu++) in the soil/plant system.
The tetrad effect W-type observed in the plant samples reflects the higher absorption of those REE that demand more energy for forming complexes, as discussed by Sastri et al. (2003) . Fu et al. (1998) proposed that the tetrad effect in plants is controlled by the form of REE ions in the absorbed solutions; therefore, it depends on the occurrence of them as organic complexes or free cations. Solutions where complexes of REE are predominant in relation to free cations will precipitate compounds with M-type patterns; when free cations are dominant, W-type patterns will be produced. Hence, according to those authors, the W-type patterns indicate that the REE where absorbed by the plant dominantly as free cations. As additional evidence, Fu et al. (1998) explain the negative Ce anomalies by its oxidation in the soil/plant system to tetravalent Ce, a more insoluble form that would be less absorbed by the plant. Kovalevskii (1979) determined that the absorption of chemical elements by plants in the soil/plant system is 3,000 times higher as soluble forms than as solid phases. The W-type tetrad effect observed in the S. lentiscifolius in the Lavras do Sul area indicates that the soluble forms are free ions as proposed by Fu et al. (1998) for ferns.
CONCLUSIONS
There are some general similarities in rocks, soils and plants in the Lavras do Sul area such as an approximate parallelism of chondrite-normalized REE patterns. The patterns determined in S. lentiscifolius samples when compared to those of soils show, however, relevant differences: LREE enrichment, negative Ce anomalies, variable behavior of Eu, and, particularly the development of W-type patterns, resulting in a tetrad effect. The W-type patterns are interpreted as indicating that REE were absorbed by S. lentiscifolius as simple ions rather than as complex ions or, alternatively, that the transport of REE in the plant metabolic processes was as free ions. Ce and Eu anomalies are caused by oxidation of these elements to tetra and trivalent forms, respectively, which reduces their mobility in the soil/plant system, and, consequently the Ce and Eu availability to plants. The Gd and Lu positive anomalies were observed in other plant species by other authors (Semhi et al. 2009 , Lima e Cunha et al. 2009 ) and can be explained by the tetrad effect of W-type, as previously proposed by Fu et al. (1998 Fu et al. ( , 2000 and Lima e Cunha et al. (2010) . W-type patterns such as those described in this paper have been referred mainly in sea-water and minerals deposited from hydrothermal solutions. The recognition of tetrads, either, M-or W-type patterns, is an additional tool for understanding the biogeochemistry of REE and can contribute to the study of monitoring processes of contaminated environment or to mineral prospecting. 
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